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BBenenue

[lenpto OCBOEHHUS NUCHUIUIMHBI «MoOJIEIMpoBaHHE W ONTHMU3ALMUS CBOWCTB
MaTepHaioB M MPOLIECCOB» SBIsIETCS (PyHIaMEHTanbHasi MOATOTOBKA CHEIMAINCTOB
M0 MAaTEepUAJIOBEJICHUIO U TEXHOJIOTMM MaTepHajoB B OOJACTHM OpraHu3aluu U
MIPOBEJCHUS HAYYHBIX MCCJIEAOBAaHUN M MPAKTUUYECKOW peaM3alid BO3MOKHOCTEM
MaTEMaTUYECKOr0 MOJEIUPOBAHUS M BBIYUCIUTEIBHOIO JKCIIEPUMEHTA. A TaKxKe,
JUIsT  TOBBIMIEHUS A(PPEKTUBHOCTH WHXKEHEPHBIX pa3pabOTOK TIPH  CO3MaHHUH
MPUHIUNHAIBHO HOBBIX W COBEPIICHCTBOBAHUS CYIIECTBYIOIIMX MAaTEpHANOB H
TEXHUYECKUX YCTPOMCTB HA UX OCHOBE.

N3yyeHne AUCHUIUIMHBI MO3BOJUT CTYJEHTaM OBJIAJE€Th HEOOXOAUMBIMU
3HAHMSIMH M YMCHHSIMH B O0OJaCTH MOJEITUPOBAHMS, TPOTHOUPOBAHUS U
ONTUMU3AIMN CBOMCTB MATEPHUAIIOB, TPOCKTUPOBAHMS TEXHOJOTUUECKUX MPOLECCOB.
OTH 3HAHUS ABJISIIOTCS OCHOBOM MPO(ECCHOHATBHOM NESITeIbHOCTH CHEIHAINCTa B
pasnuyHbBIX cdepax: HaydHO- HCCIENOBATEIbCKON, pacyeTHO-aHATUTUYECKOM;
IIPOU3BOJICTBEHHON; MPOEKTHO-TEXHOJIOTUYECKOW M OpraHU3alMOHHO-
YIIPaBJIEHYECKOM.

Marepuan 5ToM JTUCHUIUIMHBI Oasupyercs Ha (QyHIAMEHTE TeX 3HAHUM,
HaBBIKOB, YMEHUW W KOMIIETEHUUW, KOTOPBIE CTYJICHTHl MOJYYUIU PAHEE TNIPH
U3YYEHUU TMPEAMETOB €CTECTBEHHOHAy4YHOro OJIOKa: MaTeMaTukd, (HU3uKH,
uHpopMaTuku U UHGOPMAIMOHHO-KOMMYHHMKAIIMOHHBIX TEXHOJOTUM W TPEAMETOB
oO1ie-nmpodecCHOHAIBHOTO  OJI0Ka: MEXaHWYeCKuX U (UBUYECKUX CBOMCTB
MaTepuanoB, Teopud JU(DPY3HOHHBIX MPOLECCOB, TEOPUUM M  TEXHOJIOTHH
TEPMUYECKON U XUMHUKO-TEPMUYECKON 00paOOTKH U3IEIHMA.

B mnpodeccronanbHOW JEATEIBHOCTH HH)KEHEpPa OCOOYI0 Ba)XXHOCTb HMEET
mpoleypa MaTeMaTH4YeCKo oOpabOTKH pe3yabTaTOB AKCIIEPUMEHTA, MMOHWMAaHUE
CIIy4alHOrO0 XapakTepa H3MEpsSEeMOW BEJIWYWHBI, BKJIAaJ BIUSHUS Pa3IUYHBIX
daktopoB Ha wu3sMepenue. C I1eIbpl0 HANOMHHAHHUS YKa3aHHBIX TeM M3 Kypca
MarteMaTuku CTyJeHTaM MpeajiararoTcsi Kak MeToAndecKasi moiJIep>kKa JBa mocoous
«KoHcrekT nexkuuii mo MaremaTuueckoinl cTraTUCTHKE» U «KOHCHEKT JIeKImUM II0
Matematuyeckoit 00paboTKe pe3yaIbTaTOB IKCIEPUMEHTAY.

Meronnueckoe mnocobue «Koucmekr neknuid mo MojenupoBaHulo U
ONTUMM3ALMN» OTPAKAET OCHOBHBIE BOMPOCHI U3y4aeMOM JUCLUILIUHBI.

Hacrosimue Metoauuecke — ykKazaHWsi  SIBIISIFOTCS — IPAKTHUYECKUM
PYKOBOJCTBOM JJIsl W3Y4YEHMS JUCHMIUIMHBI «MoJaenupoBaHHe W ONTUMU3ALMS
CBOMCTB MaTepuajioB M TmpoieccoBy» cTyaeHTtamMu |V kypca 3aouyHoi (opmbl
oOyueHus HampabyieHusi noarotoBku 22.03.01- MartepuanoBegeHue M TEXHOJIOTHUS
MaTepHuayoB. YKa3zaHus cojepxaT NporpaMMy Kypca Mo pasjiesnam.

ITo paznenam nansbl 3a1anus U3 10 BapraHTOB K KaXKJI0U TEMeE.

[IpuBenensl npumepsl pemieHus 3agad. [lo Bcemy Kypcy npeacTaBlieHa JIMTeparypa.

Homep BapuaHTa CTyAeHT ompeaeisierT mo mnocjiaeaHed uudgpe 3a4eTHOH
KHUKKH.



IIporpamma kypca

Pa3znen 1. Buabl u ypoBHn
MO/IeJTUPOBAHMS

BBenenie. OOmue 0 MaTEMATHIECKOM
MOJICTUPOBAHUH.
OcHOoBHBIE TIOHATHS W 33Ja4d MOJCIUPOBaHWs. Buapl u

[YPOBHU MOACIIMPOBAHHA.

CBCACHUA

Paszgea 2. ®usznueckoe dusznueckoe  MOJACIMPOBaHHUE  OOBEKTOB:  MaciiTabHOE,

MoO/IeJTHPOBaHKEe 00bEKTOB. [AHAJIOTOBOE,  HaTypHoe.  DH3MKO-MaTeMaTHYECKUE  KPUTECPHH
[10100usL.

Paszgea 3. MaTeMaTu4yeckoe MareMaTHueCcKoe  MOJCIMPOBAHUE OOBEKTOB:  IOHATHE,

MoO/IeJHpPOBaHHEe 00bEKTOB [olpeleieHne, TpeOOBaHME K  MOJCNH, CTPYKTypa  MOJIEIH,

KIIaCCHU(UKALIMS MATEMATHYECKUX MOJICIICH.
[enn maTeMaTH4YeCKOro MOJIECIMPOBAHUS Il TEXHHUYECKUX
OOBEKTOB M TEXHOJOTMYECKUX ITPOLIECCOB.

Paznean 4. Anroputm
MOCTPOEHUs MOIeJIH

ANrOpUTM NOCTPOEHMsI AHAIUTHUYECKOW (TEOpeTHYEcKOii)
MOJIENIA. ANTOPUTM  TIOCTPOCHHUS SMIUPUYECKON  ((hopMasbHO-
cTaTucTHueckoi) mogmenu. Kparkas XapakTepuCTHKa OCHOBHBIX
DTANlOB AJITOPUTMOB IIOCTPOCHHUS MOJEIEH.

Paszgea 5. Maremarudeckas
00padoTKa pe3y1bTaTOB
IKCIEPUMEHTOB

OcCHOBBI ~ TEOpUM  NOTPEIIHOCTH  HU3MepeHusa. Maccus
HKCIEPUMEHTAIbHBIX PE3yJbTAaTOB. ['eHepanbHas COBOKYIHOCTb.
Bri6opka, BbIOOPOYHBIN METOJI. OcHoBHbIE YHUCIIOBBIE
XAPaKTEePUCTUKH CTATUCTUYECKOH BBIOOPKHU U BBIOOPOYHOIO
[pacripesieieHus CiiydyalHOW BennuuHbl. [lepBuyHas MaremaTuyeckas
00paboTKa  DKCIIEPUMEHTAJIBHBIX  JIaHHBIX  (aOCOJIOTHAs |
OTHOCUTEJIbHAs  IOTPEIIHOCTh  OLEHKHM MCTUHHOTO  3HAY€HUs,
kputepuii CTerofieHTa, kputepuit CmupHoBa, kputepuit dumiepa).

[IpueMbr U MeTOABI BTOPUYHOH MaTeMaTHUECKOW 00pabOTKH
HKCIEPUMEHTANbHBIX JaHHBIX. MHTepnossmus (Metonsl Jlarpanxka,
HreioToHa, criaiiHOB). DKcTpanossuus. ANNpoKCUMAaIus, KpUTepuil
ANMpOKCUMAalMM, MeToa HauMeHblmMx kBajaparoB (MHK), meron

HeonpeaeneHHbIX — Koap¢uuueHToB.  CHEKTpajdbHBIM  aHaIM3.
(OCHOBHBIE BHJbBl CTATUCTUYECKOIO aHAJIM3a HKCIEPUMEHTAIbHBIX
[TaHHBIX: KOPPEJALMOHHBIA  aHAINW3, JUCIEPCHOHHBIM  aHau3,

[PErPECCUOHHBIN aHAIIN3.

Pa3nen 6. IlnanupoBanue u
NpoBeJeHHe IKCIIEPUMEHTA

Ompenenenue (daxropa, ypoBHs ¢akTopa. TpeboBaHus K
(akTOpy M K COBOKYHMHOCTH (hakTopoB. BriOop ypoBHEH (akTOpOB.
Br160op Mozenu - BUAa (YHKIMM OTKJIMKA. MaTpuia niaHupoBaHUS
DKCIIEPUMEHTA. ITonnbIii (bakTOpHBIi OKCIIEPUMEHT 151
MaTeMaTudeckas MOJICIIb. VYuer sabdexra (bakTOpHOTO
B3anMojieiicTBus. J{poOHbIl (akTopHbIii sKcnepumenT. [IpoBenenue
prcriepuMenTa.  OmuOKM — mapajUleNIbHbIX — OMBITOB,  MPOBEPKA
OIHOPOAHOCTH THUCIIEPCHH.




Pazgen 7. Imnupuveckue
perpeccuoHHble MOJIeH
0HO(AKTOPHBbIE U
MHOTr0(paKTOpHbIE

Omnpenenenne kodhdumeHToB perpeccuu Ha ocHoBe MHK,
AJCKBATHOCTb n TOYHOCTb PErpC€CCUOHHBIX MOHCHCﬁ. BI/IIIBI
[PETPECCHOHHBIX Mojeneid. MaTpuyHblii TOAXOA K OIpEeTICHUIO
Kod(ppuureHTOB perpeccun MHoOrodakropHoir Monenu. OrleHka
a/IeKBaTHOCTU M TOYHOCTH MHOTO(AKTOPHOM MOEIH.

Pa3znea 8. Teoperuueckue
(pyHKIIHOHAIbHbIE MO/IEJIH
Ha OCHOBe
au¢pdepeHuHaNbHbIX,
ajnredOpanyecKkux u
TPaHCHEHAEHTHbIX
YPaBHEHUI U CHCTEM

VYpaBHeHHs] MaTeMaTHUeCcKONW (QU3MKU U (PyHAaMEHTaIbHbIC
(du3nUYecKrue 3aKOHBI COXPAHCHHWs. YpaBHEHHUE TEIJIONPOBOIHOCTH,
ypaBHeHHe  aud@y3un, ypaBHEHHE  COCTOSIHHS,  ypaBHEHHUE
Hepa3peIBHOCTH. HavyalibHble M TpaHUYHbBIE YCIOBUS MPU MOCTPOCHUU
TeopeTuueckoid Mozaenu. OCHOBHBIE METOJIbl peIleHUs 3ajad.
AHATUTHYECKUN METO/I, YMCIIeHHBbIE MeToIbl: ceTouHbie (MKP, MKD.
MI'3...) u 6ecceTouHbIi (METOI TOUYECYHBIX UCTOYHUKOB mojist (MTH).
[Tony>MnupruyecKuii METOJT, MHKEHEPHBIE METO/BI.

Pa3nen 9. MoaeaupoBanue
TEXHOJOrHYeCKUX
NMPoIecCOB M MAaTEPHAJIOB

MopenupoBaHue MPOIECCOB Macca- H  TeIUIoNepeHoca.
MopaenupoBaHue CBOMCTB CIUlaBa B 3aBUCMMOCTH OT COCTaBa |
[PEKUMOB TEPMOOOPAOOTKH.

Pa3nen 10. OnTumusamus
CBOMCTB MaTepuaJjioB 1
NMpPo1eccoB B
MaTepuaJoBeleHUHN U
MeTAJLTyPruu

Knaccudukanus 3amau ontumuzanuu. Buabl onTuMuzanuu.
Y cioBus 1 KpUTepun ONTUMAIBLHOCTH B OOIIEH 3a/1a4e ONTUMU3ALINY.
[locTpoeHre T1ie/IeBOM  (YHKIIMH, MHOTOKPHUTCPUAIBHBIC 3a/1a4y
ONTUMM3AIMH. YCIOBHAs M O€3yCIIOBHAs ONTUMHU3ALUA. AJITOPUTM
[MOCTPOEHUS MATEMAaTHYECKUX MOJENEH ONTUMHU3auuu. MeToabl
ONTUMM3AIMU: HCCIEAOBaHUE (PYHKIIMHU HAa DKCTPEMYM, UUCICHHBIN
METOJ ACJICHHs IIOI0JIaM, METO/| IPAIUEHTA, CUMIUIEKC-METO/, METO/Y

rpagos.

Pasznen 11. MogeanpoBanue
B YCJOBHSAX
HeomnpeaAeJTeHHOCTH

Mopenu c IIJI0XO0H1 opraHusanuei. AHaJIUTHKO-
MMUTAIMOHHbIE MOJENU. OJEMEHTbl TEOpUM IMOJ00MSI U TEOpUHU
pasMepHOCTEH. THUIBI HEONPENCIIEHHOCTEH, METOAbl HUX CHSATHA:
MeTron  JKCIEPTHOM OLIEHKH, METOJ HHTErPAIBHOM  CBEPTKH,
[TIOCTPOEHUE BEKTOPHOI'O KPUTEPHSL.

3K3aMeHaHHOHHaH nporpamMma 1mo J1MCuMILIMHE

«MopgesupoBaHue ¥ ONTUMHM3ALUA CBOWCTB MAaTEPUAJIOB M IIPOLECCOB)»

(ITepeyeHp MPUMEPHBIX BOMPOCOB ISl 3a4€eTa)

1. Onpenenenune Moaenu.

2. Onpenenenre 00bEeKTa MOACITUPOBAHUS.



3. OnpenenieHre TAnoOTe3bl B MOACIUPOBAHUY.

4. OnpeneneHre MOICIMPOBAHUS.

5. O603HaYbTE 1EIU MOJECITUPOBAHUS.

6. [IpuHIIMIIBI MOIETUPOBAHHS.

7. ®u3nyuecKkoe MOJIeIMPOBaHNE 00BEKTOB: MacIITA0HOE, AHAJIOTOBOE, HATYPHOE.

8. OU3UKO-MAaTeMaTUYECKUE KPUTEPUHU TTOJ00US.

9. IlonsiTue, onpeenenye, TpeOOBAHUE K MATEMAaTUYECKON MOJIETH.

10. Knaccuduxarmst MaTeMaTH4eCKIX MOJIETICH.

11. Ilemn wmaTeMaTHYECKOTO MOJCITUPOBAHUS JUISI TEXHUYECKUX OOBEKTOB U
TE€XHOJIOTMYECKHUX MTPOLIECCOB.

12. AIroput™ nMocTpOECHUs AHATUTUYECKOH (TEOPETUUECKON ) MOJEIIH.

13. Aroput™ nMocTpoOeHUs SMIUPUYECKOH ((PopMaTbHO-CTATUCTHUECKOM ) MOJICIIH.
14. Kparkas xapakTepUCTHKa OCHOBHBIX 3TallOB aJITOPUTMOB IMOCTPOEHUS MOJIEIIEH.
15. I'enepanbHasi COBOKYIMHOCTh. BhiOOpKa, BHIOOPOUYHBINA METO/I.

16. OcHOBHBIE YHCIOBBIE XapaKTEPUCTHKU CTATUCTHUUECKOH BBIOOPKHU u
BBIOOPOYHOIO paclpeesieHus CIlydaiiHOM BETNYMHBI.

17. TIlepBuuyHas MareMaTHdeckas o0OpaOOTKa SKCIEPUMEHTAJIBHBIX JIaHHBIX
(aOconoTHAasT M OTHOCUTENbHASI MOTPEIIHOCTh OLEHKM HCTHUHHOIO 3HAYEHMUS,
kputepuil Cteronenta, kpurepuii CMupHoBa, kputepuii Ouinepa).

18. Ilpmembl ©U  METOABl  BTOPUYHOM  MAaTeMaTHYECKOW  0OpabOTKH
DKCIIEPUMEHTAJIbHBIX JAaHHbIX. MHTepnomsiius (meronsl Jlarpanxka, HbroTona,
CILJIAHOB).

19. UnTepnionsauus. DKCTpanosuus.

20. AnmpokcuManusi, KpUTEPUN anIpOKCHMAIMU, METOJ HAUMEHBIINX KBaJpaTOB
(MHK).

21. OcHOBHbIE BHUIbl CTAaTUCTHYECKOTO aHalIN3a JKCIEPUMEHTAIbHBIX JaHHBIX:
KOPPEJSLIMOHHBIN aHAIU3, TUCIIEPCUOHHBIN

aHaJIN3, PErPECCUOHHBIN aHAJIN3.

22. Ompenenenue (axropa, ypoBHS (Qakropa. TpeboBanus K (akTopy U K
COBOKYITHOCTH (haKTOPOB.

23. Boibop ypoBHeit pakTopoB. Bei6op mMojenu - Buia GyHKIIMHA OTKIIMKA.

24. Marpuia 1uiaHupoBaHus 3KcnepuMeHTa. [[omHbli (akTOpHBIA SKCIEPUMEHT U
MaTeMaTtuyeckas Monenb. YueT addexra (akTopHOro B3auMoaeucTBus. JpoOHbBIN
(haKTOPHBIN SKCIIEPUMEHT.

25. IlpoBenenue »skcrnepuMeHTa. OImMOKM MapajuieNbHBIX OMNBITOB, MPOBEpKa
OJIHOPOJIHOCTH JAUCIIEPCHIA.

26. Omnpenenenue ko3¢ dunmeHtoB perpeccun Ha ocHoBe MHK, anekBatHOCTh U
TOYHOCTb PETPECCUOHHBIX MOAEer. BUIbI perpeCCHOHHBIX MOJIEIIEH.

27. MarpuuHblii TOOXOM K  ONpeAelieHni0  Kod(h(UIIMEHTOB  perpeccuu
MHOrogakTopHoit Monenu. OIleHKa aJeKBAaTHOCTH M TOYHOCTH MHOTO(AKTOPHOU
MOJIEJIN.

28. YpaBHeHUs MaTeMaTH4YeCKoW (pu3uku U pyHIaMEHTAIbHbIE (PU3NYECKUE 3aKOHBI
COXpaHEHHUS.



29. VYpaBHEHHE TEIUIONPOBOJAHOCTH, ypaBHEHHE AU(PPY3UU, YpaBHEHUE COCTOSIHUS,
ypaBHEHUE HEPA3PHIBHOCTH.

30. HauanbpHble U TpaHUYHBIE YCJIOBHS TMPH MOCTPOECHUU TEOPETUUYECKON MOICIH.
OCHOBHBIE METO/IbI PEIICHUS 3a]1a4.

BapuaHThl 3a1aHMi IJIST KOHTPOJILHOM Pad0ThI
no aucuunianae «MoaeJupoBaHue U ONTUMHU3ANUA CBOWCTB
MATEepPHUAJIOB U MPOLECCOB»

HomMep BapumaHTa CTVAEHT onpeneJaser mo mnocjgeaHed mnubpe
32YeTHONW KHMKKH.

3ananue 1. Boi0opka, eé YUCI0BbIEC XapaAKTEePUCTUKHU

JI1s yKa3aHHBIX HIDKE CTAaTUCTUYECKHUX pacIpe/iesieHnid BEIOOPOK TpedyeTcs:

1) Haiiti smMnmpuueckyto GyHKIUIO paclpeaeseHusl U IOCTPOUTh €€ rpaduk.
2) IlocTpoUTb MOJKUIOH YaCTOT.
3) BeunciauThs BEIOOPOYHYIO CPEAHIONO.

4) BeruuciauTh BEBIOOPOYHYIO M UCIIPABJICHHYIO TUCIIEPCUU.

Bapuanr 1

Xi 1 4 8 10

n; 5 3 2 1
Bapwuanr 2.

Xi -5 1 3 5

n; 2 5 3 1
Bapwuant 3.

Xi 1 5 9 11

n; 2 3 5 1
Bapwuanr 4.

Xi -2 1 2 3 4 5

n; 2 1 2 2 2 1
Bapuanr 5.

Xi 0 1 2 3 4

n; 5 2 1 1 1
Bapuanr 6.

Xi 1 5 6 8

n; S 15 20 10




Bapwuant 7.

Xi 1 5 7 9
n; 6 12 1 1
Bapuanr 8.
Xi 2 3 5 6
n; 10 15 5 20
BapwuanT 9.
Xi -5 2 3 4
n; 4 3 1 2
Bapuanr 10.
X; 1 2 4 7
n; 1 3 6 2

3ananue 2. J/InneiiHasg Koppeasiuus

[lo naHHBIM, NPUBEICHHBIM HUXKE, BBIYUCIUTH KOA(D(UIHMEHT KOPPEISLHH,
HalTH BBIOOPOYHOE YpaBHEHUE NPSIMOW JMHUM perpeccud Y Ha X, MOCTPOUTH
KOPPEJSILMOHHOE TI0JIE U HAHECTU HA HETO MPSMYIO perpeccuu Y Ha X.

Bapuanr 1.

X 8 9 10 12

Y 3 6 5 /
Bapuanr 2.

X 1 2 5 8 16

Y 1.0 1.4 2.2 2.8 4.0
Bapuanr 3.

X 1 3 4 / 10

Y -1.0 -2.1 -2.4 -3.0 -3.3
Bapuanrt 4.

X 2 5 7 10

Y 2 4 6 8
Bapuanr 5.

X -1 -0.5 0 0.8 1.5

Y 2.7 3.2 4.0 6.5 11.0
Bapuanr 6.

X -2 -1 0 1 2

Y 15.8 6.4 3.0 1.7 1.3




Bapuanr 7.

X 1 3 6 8 10

Y 8.9 5.6 3.5 2.7 2.0
Bapuanr 8.

X 1 3 6 10

Y 9.5 6.9 7.4 7.8
Bapuanr 9.

X 9.5 10.5 11.0 12.0 14.5

Y 4.5 6.0 8.5 9.0 10.0
Bapuanrt 10.

X 6.6 7.0 8.0 9.0 9.8

Y 6.0 7.8 8.7 7.8 9.0

3ananue 3. Pacuer 10BepUTEIbHOM BEPOSTHOCTH 3HAYCHUS TBEPAOCTH U3/1eJTHIl

Ha wMeramnyprudyeckoM 3aBOJi€ NPOBEIECHO KOHTPOJBHOE ONpEEICHUE
TBepaocTh 1o PokBemty pabouero ciost OOJBIIOW MApPTUM  OJIHOTHITHBIX
JUCTONPOKATHBIX BAJIKOB. YCTAHOBJICHO, YTO TBEPJAOCTH (ClydaliHas BEIMYMHA X)
pacnpeziesieHa HOpMalIbHO ¢ MaTeMaTHYECKUM OXuaaHnueM M, en. nmo Poxsemry u

CpPEIHUM KBaJIpaTUUYECKUM OTKIOHEHHeM o eA. mo Poksemry. HeoOxomumo
HAUTA BEPOSITHOCTh TOTO, YTO 3HAYECHUE TBEPJOCTH BAJKOB 3aKIIOYCHO B
npenenax X ...X, efn. no Pokseimny.

No BapuanTa M, o} X X,
1 59 5 56 63
2 58 5 55 62
3 60 4 56 64
4 61 5 57 64
5 59 4 56 62
6 58 4 95 61
7 60 3 o7 63
8 61 3 58 65
9 59 3 95 64

10 58 3 54 60




3ananmue 4. /loBepuTesibHbIe MHTEPBAJIBI JAJIsl IAPAMETPOB HOPMAJIBHOI'0 3aKOHA

pacnpeaeaeHus

Haittu I[OBCpI/ITeJII)HHﬁ HHTCPBAJ I OOCHKHW MATCMATHYCCKOI'O OKHUIAHUA A

HOPMAJILHOTO pacrpeieleHus ¢ HaAeKHOCThIo Y = 0,95, 3Hast BLIOOPOYHYIO CPETHIO0

X ) 00BeM BBI60pKI/I N ¥ cpeaHee KBaApaTUIHOC OTKIIOHCHUE ©.

Bapuant 1.
Bapuanr 2.
Bapuant 3.
Bapuanr 4.
Bapuanr 5.
Bapuanr 6.
Bapuanr 7.
Bapwuanrt 8.
Bapuant 9.

Bapmuanr 10.

X=175,17;
X =75,16;
X =75,15;
X =175,14;
X =75,13;
X =75,12;
X =75,11;
X =75,10;
X =175,09;
X =175,08;

n = 36;
n = 49;
n=064;
n=81;
n = 100;
n=121;
n = 144;
n = 1609;
n = 196;
n = 225;

3ananme 5. [oaHblil (PaKTOPHBIN IKCHEPUMEHT

perpecCHOHHON MAaTEeMATHYECKON MOJECJIN.

o =06.
o=1.
o =8.
o=9.
o =10.
o =11.
o=12.
o =13.
o=14.
o =15.

. IlocTpoenue aByx(paxkTopHOU

2
[TocTpouTh TaH MOTHOTO (PAKTOPHOTO SKCIEPUMEHTA 2° NIl HAXOXKIACHUS

3aBUCUMOCTH TJIyOMHBI LIEMEHTOBAHHOIO cJiosl Y (MM) B BUJI€ JIMHEWMHOTO YpaBHEHUS

perpeccuyd OT TeMmriepaTypbl | U BpeMeHU t mpH MpOTEeKaHWW Tpoliecca Tra30BOM

LIEMEHTAIMN U3JICJIUS U3 HU3KOYTJIEPOJIUCTON CTAIN. 3HAYEHUE OCHOBHBIX YPOBHEU

yOpaBISIONMX (HaKTOpoB (TEMIEpaTypsbl U BPEMEHH) U WHTEPBAJIOB BapPbUPOBAHUS

3HauYeHUN (PAKTOPOB AJI Pa3HBIX BAPUAHTOB 3aJaHUI MPUBEIECHBI B TaOIULE:

J]i}z)lpuaHT, ®aktop X1 - Temnepartypa, 0C ®axtop 2 - Bpems, uac

B HyneBoit ypoBens, | MuTepBan Ob6mnacth Hynesoit WnTtepBan Obnacts
X ° (OC) BapbUPOBAHHS | 3HAYCHUH YPOBEHB, BapbHPOBAaHMS | 3HAYCHHUH

1 AXl, (OC) (hakTopa X;J] (uac) AXZ’ (uac) (axTopa

1 875 25 850-900 6 2 4-8

2 925 25 900-950 6 2 4-8

3 975 25 950-1000 6 2 4-8

4 875 25 850-900 7 1 6-8




5 925 25 900-950 7 1 6-8
6 975 25 950-1000 7 1 6-8
7 875 25 850-900 8 1 7-9
8 925 25 900-950 8 1 7-9
9 975 25 950-1000 8 1 7-9
10 950 50 900-1000 6 2 4-8

Mcnonbp30BaTh pe3yabTaThl KCIEPUMEHTA U3 CIEAYIOIEN TaOIULbL:

Ta6auma 72

Fny6GHHA 11€MEHTOBAHHOIO CJIOSI NPH TFa30BOM LeMEeHTaUUH

Temneparypa B °C
Bbll?(g S)ﬂu 820 850 875 900 925 950 975 1000
B Y
I'ny6uHa LEMEHTHPOBAHHOIO CJOS B MM
1 0,30 0,38 0,45 0,53 0,63 0,75 0,85 1,0
2 042 | 053 | 063 | 0,76 | 0,90 1,00 1,22 1,42
3 0,53 0,63 0,80 0,94 1,10 1,30 1,50 1,70
4 0,60 0,74 | 0,89 1,07 1,27 74-711.80 15 2,00
5} 0,70 0,80 1,00 1,20 1,42 1,68 1,96 225
6 0,76 0,91 1,09 1,32 1,55 1,83 2,13 2,46
74 0,78 1,00 1,19 1,42 1,68 1,98 2,30 2:05
8 0,86 1,04 L.27 1,52 1,80 2,10 2,46 2,80
9 0,90 1,12 1,35 1,60 1,90 2,23 2,55 3,00
10 0,96 141 1,42 70| 2,004 2,86+ . 2.80.°1" 3,20
11 L0310 1,22 1,50 I8 40201 2,46 1 2,80 | 3835




OO0pa3ubl penieHuss KOHTPOJbHBIX 3aJJaHUH

3ananme 1. BoiOopka, eé YucI0BbIe XapaKTePUCTUKHU

JlaH 3aKOH paclpeeaeHis YacToOT IS JUCKPETHOW CIy4aiiHOW BeMMUMHBI X B
BUJIC CIIETYIOIIEH TaOIUIIbI

Tpebyercs Haiitu: 1) sMnupuyeckyro PyHKIHIO pacripeeieHus; 2) MOJIUroH 4acToT;
3) BBIOOPOYHYIO CpEeNHIOK; 4) BBHIOOPOUHYIO  JIUCIEPCHIO; S5) HCHIPABICHHYIO
JUCIIEPCHIO.

Pewenue.

4
1) O6bem BbIGOPKH paBeH cymme gacTor: N=Y N, =1+3+6+2=12.

i=1
m(X)
n

Ommupuueckas pyuaknus F = , Tie M(X) — cyMMapHO€e YHCII0 BHIOOPOUYHBIX

3HAYCHUH TEX YacTOT, apryMEHTHI KOTOPBIX YAOBIECTBOPSET HEPABEHCTBY X; < X.
[Tostromy ¢yukuus F pasna:

2) F(1) =0 6>F<2>=é; B>F(4)=§=§; DF(T) =

1+3+6 _ 5,
12 6
nF(x>7)=1.



5/6

A

1/3

A

1/12

|

o

A
v

1 2 4 7

Puc.1 Dmnupudeckas ¢GpyHkuus pacnpenencuus F.

2) ITocTpoMM TIOJUTOH YACTOT IO JAHHOMY PaCIpeICIICHHIO BBIOOPKH B BH/IC
JIOMaHOU JIMHUU

(4;6)

(2:3)
D (7:2)

v

Puc. 2. Ilonurou yactort

3) Haiinem Temneps BRIOOpOUHOE cpefHee X 10 ciaeayromiei (hopmyie



k
_:EZnixi, k<n.
Nz

B manHOM citydae umcio rpynn gaHHbx K =4, mostoMy BBIOOpPOYHOE CpeiHee
pPaBHO

Y:i(1-1+3-2+6-4+2-7):4—6z4.
12 12

4) Haiimem Temnepb BEIOOPOYHYIO JUCIEPCHIO TI0 cieayromieit Gopmysie
1 k
D, ==>n;(x; —X)?,k<n.
Ni=1

I[JBI YHOpOmCHUA BH/Jd YHCIOBBIX BBIKJIAI0K HpI/I6JII/DKeHHO cuuTacMm, yTo X = 4,

O03TOMY
D, =i(1-(1—4)2 +3-(2-4)°+6-(4—4)* +2-(T—4)?) _>f =4,75.
12 12
5) Haiigem Tenepb UCIPABICHHYIO JTUCICPCHIO IO cleayromeit gopmysie

-l Shix —x)?
Di_(n—l)i_gln'(x' X)“,k<n.

BeiBogum mims N —1=11, yto ona paBHa

D, =5 (L (1-4) +3:(2- 497 +6-(4—4) +2.(T-4)) = 2 =518

3amanue 2. JInHeliHas Koppeassuns

JlaHO KOPPEISIMOHHOE TI0JI€ B BUIE TAOIHITBI

X 519110 |12
Y|3|6(4 |7

Boruncnuth koddduument xoppensuuu. HallTu BbIOOpOYHOE ypaBHEHUE NPSAMOMN
perpeccun Y Ha X , IOCTPOUTHh KOPPEJSALIMOHHOE TOJIE U HAHECTH HA HETO JINHUIO
npsiMoii perpeccuu Y Ha X.

Pewenue. Onpenenum BBIOOPOYHBIE CpEHUE 3HAYCHUsS IS KaXIou
CIIy4alHOMN BEJTUYHUHBI



n_ 5+9+10+12 _ n. 3+6+4+7
X = ; 1 =9, y= Z A =5,

Haiinem Temepb 3HaueHHsI UCMPABICHHBIX BBIOOPOYHBIX IWUCIEPCUN JUIS KaIOu

1
n

CIIy4allHOM BEJIMYHHbI

16+0+1+9 26

2
= = :—:8’67,
n— 1.21( =) 3 3
» 4+1+1+4 10
=— =—=—=333.
—1.21(y' ) 3 3

WcnipaBneHHasi sMIupuyeckass KoBapualus U KoOd(PPUIUEHT KOppensiuyd pPaBHBI
BEJTMYMHAM

%%(Xi R —3) = (5—9)(3—5)+0+(10—2)(4—5)+(12—9)(7—5)

13 _S, 13 13

Sx =—, r= Y =
73 S.S, /260 16,1

OMnupuyeckuii koapduimeHt perpeccunt Y Ha X Haxoautcs 1o ¢hopmysie
B Syy 13

yx T 2 T o

S;, 26

VYpaBHeHue npsmMoii perpeccun Y Ha X 3aITUCHIBAETCS B CIACAYIOIIEM BHJIC

y=y+b, (x-X), y=5+0.5(x-9), y=0,5+0,5x.

=0,807.

=0,5.

y =0,5+0,5x

X

»
»

Puc.3 . KoppensimonHoe mosie ¥ nuHUS perpeccuu Y Ha X.



3ananue 3. Pacuer 1oBepuUTEIHLHOM BEPOSITHOCTH 3HAYEHMSI TBEPAOCTH M3/1eTH I

Ha wmeramnypruyeckom 3aBoie TIPOBEAEHO KOHTPOJIBHOE ONPEACIICHUE
TBepaoctTh 10 PokBemty pabodero cios OoONbIION MapTUU  OJHOTUITHBIX
JUCTONPOKATHBIX BAJIKOB. YCTAHOBJICHO, YTO TBEPJOCTH (ClydaiiHas BeJIMYHHA X)
pacrpeqieieHa HOpMaJlbHO ¢ MaTeMaThudeckuM oxkujpanueM 60 en. mo Poksemty u
CpPEIHUM KBaJpaTUYECKUM OTKJIOHEHUEeM 5 en. no Poxsemny. HeoOxogumo HalTh
BEPOSAATHOCTh TOTO, YTO 3HAYECHHE TBEPJOCTH BAJIKOB 3aKJIIOUYEHO B Ipeaeiax
57...65 en. mo Poksemnny.

Pemenne. Hcnone3zyem bopmymy BEPOSATHOCTHU

p(xl <x< x2)= CD(M) - cD(Xl_—]MXj U
o

o
p{Xg< X<X }= @ () — D (1), B COOTBETCTBHH C KOTOpPOH YyKa3aHHas
BEPOSTHOCTh CBOJMUTCS K Pa3HOCTH HOpMalibHbIX (GyHKIuN Jlamiaca CD(t). ITo

YCIIOBHIO 3a71auu X3 = 57; X, =65; M;=60; o =235, cinegoBaTeiabHoO,

p{57 < x<65)= @(%‘”) - @(W_g&)) _

= D(1.0)— D(-0.6)= D(1.0)+ D(0.6).
[To Tabmuue Qynkumum Jlamnaca W3 MNPUIOKEHUS HAXOAMM:
d(1,0) =0,3413; D(0,6) =0,2257.
OTtcrona uckomasi BEpOsITHOCTh
pP{57 <X <65}=d(1,0) + ©(0,6) =0,3413 + 0,2257 = 0,5670.

3ananue 4. JloBepuTesibHbIe MHTEPBAJIbI VISl IAPAMETPOB HOPMAJIBHOI'0 3aKOHA
pacnpeejaeHust

Haiitu ¢ nHanmexsocthro Y =0.99 noBepurenbHBI WHTEPBAT OLECHKU
HEHM3BECTHOTO MATEMATHUYECKOTO OKHIAHUS & JJIsl HOPMAJIbHO Paclpee/ieHHOTO
npu3Haka X, €cad JaHbl 3HAYCHHS. TEHEpajJbHOE CpeaHee KBaapaTHUYHOE

oTkiIoHeHne G = 4 ; Berdopounoe cpennee X =10,2; 06bem BIOOpKH N =25,

Pewenue. HeuzpecTHOe MaTeMaTUYECKOE OXMIaHNUC HAXOOUTCA B MHTCPBAJIC

2. o)=L

>_(—5<a<>_<+5, o=t(y)- X
(7)\/3 5



[Tocnenuss B 3amucu opmyia 0003HaYaeT ypaBHEHHE OTHOCUTEINBHO t, comepxkaniee
dbyukiuto Jlamaca d(t):

d(t) =0,495 ,
[Tpumensis Tabauiel QyHKImy Jlammaca, HAX0AMM HEU3BECTHOE 3HAUCHHUE TTapaMeTpa
t=2,60. OnpeaenuM BeIUYUHY O

4
J25

HaitneM 1oBepuTEnbHBIA HUHTEPBAI
(10,2-2,08; 10,2+ 2,08) =(8,12; 12,28).

JloBeputenbubiii uuTepBan (8,12; 12,28) mokphIBaeT MaTeMaTHYCCKOE OXKUIAAHHE

0=2,60- ~ 2,08.

a U1l HOPMAJIBHO PaCIpEICICHHON CIIy4alHOM BEJIWYUHBI C 3aJaHHOM BEJIWYMHOMN
HanexHocTn y = 0,99, koropas Ha3pIBaeTCA TaKKe JOBEPUTEIBHON BEPOSITHOCTHIO.

B nanHo# 3aaue qoBepuTebHas BepoATHOCTH paBHa 0,99 unu 99%.

3amanue 5. Hoaubii  ¢axkropubiii  3kcunepuMeHt. [locTrpoenue
ABYX()aKTOPHOH PerpecCHOHHON MaTeMaTHYEeCKONH MOIeIH.

BaxxHpiM  STanmoM  IUTAHUPOBAHMSI  JKCIIEPUMEHTA  SIBISETCS  BBIOOP
MaTeMaTH4YecKol Mojenu o0bekTa. Yalle Uernoab3yroTes MOJIMHOMUAIBHYO MOJIENb,
OPOCTHIM CIIy4aeM SIBJISIETCS JIMHEHHass Mofesb. J(OCTOMHCTBOM ABISETCA MX
YHUBEPCAIBHOCTh JTUHEHHOCTh OTHOCUTENBHO MapaMeTPOB MOJIEIH.

Hanpumep, eciu gucino GpakTopoB 2, TO MOJENb 2-TO MOPAIKAa MOXKET ObITh 3aIMCaHa
B BUJIE
Y=agta X;+taXotaXiXo

OT0  MOAenp  JMHEMHOTO  OTKJIMKAa  [apaMeTpoB,  YUYWUTHIBAOLIAS
B3aMMOJICHCTBHE (PaKTOpa X1 U Xy.

KOHKpeTHbIMU YCIIOBUSIMM Ha OCHOBE alpUOPHBIX HH(POpMALMH B 00JIACTH
OINpPENEIICHUS dopMynupyercss  JOKalbHas  10A00JIacTh IUTAHUPOBAHUS
HKCIIEPUMEHTA.

JUisi 5TOTO HEOOXOMWMO: YCTaHOBUTH OCHOBHOW YpPOBEHb M HHTEpBAl

BAPBUPOBAHUS, OCHOBHOW WJIM HYJIEBOM YPOBEHb [JOJDKEH COOTBETCTBOBATH
HAWIYYIIUM YCJIOBHSIM, OMPECIICHHBIM U3 YCIOBUS alpuOpPHON MHPOpPMAIMH 3TOTO
MCXO/IHAs TOYKA JJISl TIOCTPOCHUS IJIAHUPOBAHUS DKCIIEPUMEHTA, OHU HAXOJSITCS T/e-

TO B CCPCONHEC obaactu OIIPCACIICHU . HOCTpOGHI/Ie IUIaHa 3KCIICPUMCHTA CBOAUTCA K



BBIOOPY MOCTOSIHHBIX 3KCHEPUMEHTAIBHBIX TOUEK OTHOCHTEIBHO HYJIEBOMY YPOBHIO.
3areM BbIOMpAIOT [1Ba Ipeneia BEpXHUM M HIWKHUN. B mpeaenax 3Tux ypaBHEHUH
Oyzaet BappupoBaThCs (HAKTHI BO BPEMS IKCIIEPUMEHTA.

WHTepBajioM BapbUpPOBaHMs HA3bIBAIOT YHCIO MPUOABIEHUE, KOTOPOIrO K
OCHOBHOMY YPOBHIO BEpXHUH YpOBEHb (aKTopa, a BbIUMTAHUWE HIDKHUN. J[ms
YIPOILEHUSI 3allUCU 3KCIEpUMEHTa U OOpaOOTKH, JaHHBIX MaclTaObl (HaKTOpOB
U3MEHSIOT TaKHUM 00pa30M, YTOOBI BEPXHEMY YPOBHIO COOTBETCTBYET +1, a HUKHEMY
-1, ocHoBHOMY 0.

Jiis pakToOpoB ¢ HEMPEPHIBHON 00JACTHIO OMPENEICHHUS 3TO MOXKHO CETaTh C
IOMOUIbIO Pe0Opa30BaHUs:

Xi — Xi0
|

%, -

X, - HaTypaJIbHOE 3Ha4YeHue (aKTopa;

0 .
X, - HaTypaJIbHOE 3HaYCHHE OCHOBHOI'O (HYJIEBOTO) YPOBHS;

|, = AX, - uHTEepBaN BappupoBaHusl (pakTopa;

Xi - KOOAMPOBAHHOC 3HAUYCHUC (baKTopa.

[Ipomiecc mpeoOpazoBaHuil ¢ MOMOIIBIO 3THX (QOPMYyNI  Ha3bIBACTCS
KOJIMPOBaHMEM JaHHbIX. Ha MHTEpBase BapbUpOBaHUS HAXOIATCS OTPAHUYCHHUS, OH
HE JIOJDKEH OBITh MEHBINE MOTPEIIHOCTH u3MepeHus: gakropa. BepxHuil u HIKHUN
YPOBHHU JIOJKHBI OBITh B 00JIACTU OTPEACIICHUSI.

PaccmoTpum muiaHupoBaHue ABYX(AKTOPHOTO JKCIIEPUMEHTAa Ha TMpUMEpe
MPOCTOM M 4YacCTO MCHOJb3YEMOM JMHEWHON moaenu. B 3Tom ciydae 10CcTaTodyHo
HCITIOJIB30BATh TOJILKO JIBA ypaBHEHUS (hakTopa.

Eciu 4pcio (GakTopoB IS MPOBEACHHS SKCICPHMEHTA TPeOyeTcst 2 OMBITOB
k _» 2% ycioBme sKCIepHMEHTAa 3amuChIBAEM B BHIE TAaOIMIBI, THE CTPOKa
COOTBETCTBYET pa3JIMYHBIM OIBITAM, a CTONOeN 3HadyeHUsM (AKTOPOB, TaKKe
Ta0JIMIIa Ha3bIBAETCSl MATPUIICH IJIAHUPOBAHUSI.

TTocTponM MaTpuIy MIIaHUPOBaHKS A1 2-X GakTopos: K =2° =4.

M 2

Ne onvima X, X, X, X, X, Y
1 1 1 1 1 Y,
2 1 -1 1 -1 Y,
3 1 1 -1 -1 Y;
4 1 -1 -1 1 Y,




Jlns HaxoxieHus: Ko PUIMEeHTOB JIMHEHHOW MOJIEIH.

Y=agta; X1+a2 X2+a12 Xl X2
UCITIONIB3yeTCs hopMyIia
N~
XY,
=1
a, = =2
N
I'ne X - KonuposaHHOe 3Ha4eHUE (hakTOpa X; B OMBITE C HOMEPOM | ;
Y; -— 3HAQYEHHE BBIXOJHOIrO (haKTOpa — pE3yJbTaT, MONYYCHHBIH MpHU
npoBeJicHUH onbiTa ¢ HoMepoM |. N - umcio onbiToB (N =4).

Uto06bI Bce KO PUITMEHTHI BBIYUCIISUIMCH IO OJTHOM (hopMyIie B MaTpUILy
IUTAHUPOBAHMS yI0OHO BBECTH (PaKTHUECKYIO IEPEMEHHYI0 X,, KOTOpBIE BO BCEX

OTBITaX MPUHUMAIOT 3HaderHus + 1. (Xy;=+1).

Takum 00pa3om, 3HaUeHHS KO3(PPULIUEHTOB TUHEHHON MOJEIH UMEIOT BU/:

1
a, :Z(Yl"‘Yz +Y3 +Y4);

1
a :Z(Yl _Yz +Y3 _Y4)?

1
a, :Z(Yl +Y2 _Y3 _Y4);

1
a, :Z(Yl _Yz _Y3 +Y4)-

O¢pdexr X, X, HaszpBaercs 3(PPEeKTOM NAPHOTO B3AUMOJEHCTBUS WIIU

B3aUMOJICHCTBUEM NIEPBOTO MOPSIAKA.

X2
j _
1 — 1
ﬂ T X
-1 4 3
T

X,

Puc.4. Ilnan momHoro (pakToOpHOTo dKCcepumenta [1MD 2°



Ha puc.4 nmpencrasieHa o6iacTe ()aKTOPHOTO HPOCTPAHCTBA, I KOTOPOU
CTpoHTCs MOAeNnb Y=apta; X,+a, X,+ap X, X,.

HOBTOMy JaHHasa 00y1acTh ABIsIETCA 00JIACTHIO CymcCTBOBaHU MOJCIIN.

Paccmotpum BapuanT Ne 11, yciioBust onpeesieHbl Tabauiien

Bapuanr, ®daxrtop X; - Temneparypa, °c ®akrop X, - Bpems, uac

Ne Hynesoii Hureppan O6nactb Hynesoii WnrepBan Oo6nacTb
YPOBEHb, BapbUPOBAHUS | 3HAYCHUI YPOBEHb, BapbUPOBAaHUS | 3HAYCHUIA
Xlo N OC) AXl ( OC) (hakTopa XS " (swac) AXZ , (4ac) ¢axTopa

11 900 25 875-925 6 2 4-8

Hcnone3ys hopMyity KOAUPOBAHUS, OTIPEICIIUM BEPXHUN U HIDKHUN YPOBHH
JU1s1 000uX (HaKTOpOB.
JIns TeMriepatypsl:

g, 925-900
X _Xl_xlo_xl_gooz> Lo 25 = :
! 1, 25 )252875—9002_1’
25
Jlist BpeMeHHOro (hakropa
- 8-
- X,-X! X,-6 |Xe=p =t
X2 = - - 4-6
l 2 Xr=""2_1
2

[locTpouM MaTpHIly MIaHUPOBAHMS 11 2-X (akTopos: K =2°=4. B cronben
Y BHeceM 3HaueHHE TITyOMHBI LIEMEHTOBAHHOTO €104 (MM) U3 TaOJIUIIBI PE3yIbTaTOB

9KCIICPUMCHTA I10 ra3oBou OCMCHTallUM.:

Y,=1.80 (mpu Temnepatype mporecca 925°C u Bpemenu mpomecca 8 4acos);
Y,=1.27 (npu TemnepaType nporecca 875°C u Bpemenu mpomecca 8 4acos);
Y,=1.27 (npu Temnepatype npouecca 925°C u Bpemenu mpomecca 4 aca);

Y,=0.89 (mmpu Temneparype npouecca 875°C u Bpemenu mpomuecca 4 daca).




Ta6numa 72

IFny6HHA LeMeHTOBAHHOIO CJOS TPH Fa3oBOH LieMeHTAaUHH

Temnepatrypa B °C
wiggiiu 820 850 875 900 925 950 975 1000
B Y
I'ny6uHa UEeMEeHTHPOBAHHOrO CJAOS B MM

1 0,30 | 0,38 0;45 21 0,53 5420,68 |- 04521 085 1,0
2 0,424,053} 0,631 110,76~ : 10,90 1,00 1,22 1,42
3 053 | 063 | 0,80 | 0,94 1,10 1,30 1,50 1,70
4 0,60 | 0,74 | 0,89 1,07 1,27 1,50 151 200
5 0,70 | 0,80 1,00 1,20 1,42 1,68 1,96 2,25
6 0,76 | 091 1,09 1,32 1,55 1831 (2 3. 2046
7 0,78 1,00 1,19 1,42 1,68 1,98 2801 2,55
8 0,86 1,04 1,27 1;82 15804t ~2,10 2,46 | 2,80
9 0,90 1,12 1,35 1,60 1,90 12,28 1142 55 3,00
10 0,96 g ;42 1,70 | 2,00 | 2,36 2.80.:11.7:3,20
11 1,02 1,22 1,50 IR o 20 2,46 2;80+148.85

12O 2°
N@ onvima Xo x1 Xz Xl Xz Y

1 1 1 1 1 1.80
2 1 -1 1 -1 1.27
3 1 1 -1 -1 1.27
4 1 -1 -1 1 0.89

Boruucnum 3naueHust Ko3pOUIMEHTOB TUHEHHON MOJIEH:

a, = % Y, +Y,+Y,+Y,)= % (1.80+1.27+1.27 +0.89) =1.307 =1.31;
1 1

a, = (Y, =Y, +Y; —Y,) = (180 -1.27+127-0.89) =0.227 = 0.23;

a, = % Y, +Y,-Y,-Y,)= % (1.80 +1.27 —1.27 — 0.89) = 0.227 = 0.23;

a, = % Y, =Y, - Y, +Y,) = % (1.80-1.27 —1.27 + 0.89) = 0.037 = 0.04.

[ToacTaBuM B MaTeMaTUYECKYIO MOEINb MOTYyYEHHbIE KOY(PPUIIUESHTbHI
Y=apta; )Zl"'ag )22+a12 )Zl )22
Y =1.307 +0.227 - X, +0.227- X, + 0.037- X, - X,.



HonyquHa;I MaTEMATHYCCKass MOJCJIb HA3bIBACTCA perpeCCHOHHOﬁ, TaK KakK

YCTAHABJIMUBACT AHAJIUTHYCCKYIO

CJ'Iy‘-IElfIHbIMH BCINMYHWHAMU.

CBA3b

MEXTY

OMIIUPUYCCKU  ITOJTYUCHHBIMU

Yno6HO pabotath ¢ MOACHbBIO, cojaepiKamield (akTopbl HE B KOJMPOBAHHOM

BBIPAKEHHH, a B HaTypalibHOM. Crienaem B ypaBHEeHHE JUIs Y TOACTaHOBKY:

~

X, =

X,-900 X,

=—-36

25 25

[Tomyunm

u

X, =

X,-6 X,

2

2

[IpoBeprM KOPPEKTHOCTh TIOJYYEHHOW MOJIENH,

AHAJIMTHYCCKUX

OKCIICPUMCHTA.
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Paccmorpum 3HaueHus (pakTopoB

X, =875°C < X, =-1
X, =4qaca<:>)~(2 =-1
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—Y =1.307+0.227-(=1) + 0.227- (1) + 0.037- (1) - (-1) = 0.89

DKCnepruMEHTAIBHO NOJIy4eHHbIN pe3ynbTar | Y = 0.89MM riryObuHa ciosl.

Jlemaem BbIBOJ:

CpaBHUBAas PE3YJIbTAThHI
C pe3yJpTaTaMu

Mopens KOppeKTHa U aJiekBaTHa. E€ MOXKHO MCIOIB30BaTh IPU pa3padOTKe U

IIPOCKTUPOBAHUHU IIPOHCCCAa HCMCHTAIINH CTAJIbHBIX I/I3,ZICJII/H>'I.
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3nauenue Qpyukiuu Jlamnaca CD(t) — AHTETpaJIa BEPOATHOCTEN
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Hurerpan eepoaTHocTed @ (f) =
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Coree goad f
n|1F2 31415|Ei?|a|g

0, 0000 0040 | 0080 | 0120 | 0160 (01990239 0279 [ 0319 | 0359
0398| 0438 | 0478 | 0517 | 0557 | 0596 {0636 | 0675 | OT14 | 0753
0793) 0832 | 0871 | 0910 | 0948 | 0987 | 1026 | 1064 | 1103 | 1141
1179 1217 | 1255 1293 | 1331 | 1368|1406 1443 | 1480 | 1517
1554] 1591 | 1628 | 1664 | 1700 (1736|1772 1808 | 1844 | 1879

1915 1950 | 1985 | 2019 | 2054 (20882123 2157 | 2190 | 2224
2257| 2291 | 2324 | 2357 | 2380 | 2422 12454 | 2486 | 2517 | 2549
2580 2611 (2642 2673 | 2703 | 2734 | 2764 | 27094 | 2823 | 2852
2881|29107 2039 | 2967 | 2995 {3023 | 3051 | 3078 | 3106 | 3133
3150) 3186 | 3212 | 3238 | 3264 |3280 ) 3315 | 3340 | 3365 | 3389

3413 3437 | 3461 | 3485 | 3508 | 3531 | 3554 | 3577 | 3599 | 3621
3643| 3665 | 3686 | 3708 | 3720 | 3749|3770 3700 | 3810 | 3830
S840( 3860 | 3888 | 3007 | 3025 {3044 | 3962 | 3980 | 3997 | 4015
4032| 4049 | 4066 | 4082 | 4099 [ 4115 (4131 | 4147 | 4162 | 4177
4192| 4207 | 4222 | 4236 | 4251 | 4265 | 4279 4292 | 4306 | 4319

4332| 4345 | 4357 | 4370 | 4382 | 4394 | 4406 | 4418 | 4429 | 4441
4452| 4463 | 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | 4545
4554( 4564 | 4573 | 4582 | 4581 | 4599 | 4608 | 4616 | 4625 | 4633
4641| 4649 | 4656 | 4664 | 4671 | 4678 | 4686 | 4603 | 4699 | 4706
4713 4719} 4726 | 4732 | 4738 | 4744 | 4T50| 4756 | 4761 | 4767
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4772 4TTR | 4783 | 4788 | 4793 | 4798 | 4803 | 4808 | 4812 | 4817
4821( 4826 | 4530 | 4834 | 4838 | 4842 | 4846| 4850 | 4854 | 4857
4861| 4864 | 4868 | 4871 | 4875 | 4878 | 4881 | 4884 | 4887 | 4890
4803| 4806 | 4808 | 4901 | 4904 | 4006 | 4509 | 4011 | 4913 | 4916
4918( 4920 [ 4922 | 4925 | 4927 | 4920 4931 | 4932 | 4934 | 4936
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Tafnnua gonycxaeT JHHedHYI0 HHTEPNOAAUMD ¢ omubroilt mo 10-9,

[Tpuwmep. Buuncnars @ (1,614).

Pemeunne DBepem wa taGauum nsa snavedus @ (1,61)=0,4463 u
i {1,62)=0,4474 ¢ pasnocreio 0,0011 » pBOgHM nonpaeky Ha oTHOCH-
TensHoe npupawenne aprymenta (1,614 —1,61)/0,01=0,4:

@ (1,614) =@ (1,61)+0,0011.0,4=04457.

Mponomeense TaGauus AAA suauennd § == 2,5 cu. B 1ada. [I.



Ta6imna | | (mpoxomxenue Tadaumsl 1)

3nauenue Qyukiuu Jlamnaca CD(t) — MHTETpaJIa BEPOATHOCTEN

Benuunnel, cBAsaHHbe ¢ HHTerpajoM eepostnocTed @ (f);
dyukuna f=1 (%) Aapaserca ofpatholl nna 5 =20 (1)

¢ @ ({) 1 =240 (1) | =5 t=t () b
2.5 0,49379 0,01242 0,05 1,960 0,95
2,0 0,49534 0,00932 0,04 2,064 00,96
2.7 0, 49653 0,00693 0,03 2.170 0,97
2.8 0,49744 0,00511 II 0,02 2,326 0,98
2.9 0,49813 0, 00373 0,01 2 576 0,99
3,0 | 0,49865 0, 00270 0,009 2,612 0,991
3,1 | 0,49903 0, 00194 0,008 2,652 0,992
3,2 0,49931 0,00137 0,007 2,697 0,993
3,3 | 0,40052 0, 00037 0,006 2 748 0,994
3,4 0,49966 0, 000ET 0,005 2,807 0,995
3,0 0,499767 0,000465 | 0,004 2,878 {0, 996
3,6 0,499841 0, 000318 0,003 2,968 0,997
3,7 | 0,499892 0,000216 0,002 3,080 0,998
3,8 (0, 499927 0,000145 0,001 3,291 0,999
3,9 | 0,499952 | 0,000096 0,0009 3,320 0,9991
4,0 | 0,499968 0, 000063 0,0008 3,353 0,9992
4,1 0, 499979 0,000041 0,0007 3,300 0,99483
4,2 | 0,499987 0, 000027 0, 0006 3,432 0,9904
4,3 0, 499991 0,000017 0, 0005 3,481 0,9995
i,4 0,499995 0, 000011 0, 0004 3,540 0, 9996
4.5 0, 4999966 0, 0000068 0, 0003 3,615 0, 9997
4,6 | 0,4990079 | 0,0000041 [ 0,0002 3,720 0,9998
4,7 | 0,4999087 0, 0000025 0, 0001 3,891 0,9999
4,8 0,4999992 0, 0000016 10-4 4,417 1—I10=5
4.9 0, 4999995 0, 0000009 1y—== 4,802 l—10-%
5,0 | 0,4999997 | 0,0000006 | 10-7 5,327 1—10-7

0

B tataume ssawenuit @ (f) ownbka nunednofl WHTEPNOAAUAH  YyObl-
BAET © YBEJNHUEHHEM SHAWEHHH [; OHA HE NPEBOCXOMHT:
10-%—p untepsane (2,5; 3,2); 10-8—p unreppane (3,2; 3,9);
10-¢—g unrepeane (3,9 4,3); 10-"—n unarepeane (4,5; 5,0).

B rtafnnue amaveHuil {(5°) HATEPNOAALHIO He NPOHIBOLAT.



